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Abstract 

Background: The awareness, treatment and control of diabetes mellitus (DM) can effectively reflect on the social status of 
diabetes conditions. Although several researchers have investigated the awareness, treatment and control rates of diabetes 
mellitus in China, little is known about their association with risk factors. This study aims to examine the relationship 
between risk factors and awareness, treatment and control of diabetes mellitus in northeast China. 

Methods: A cross-sectional survey was conducted in 2012. Multistage stratified random cluster sampling design was used to 
select participants aged 18 to 79 years old. The analysis was based on a representative sample of 1,854 adult subjects. 
Multivariable logistic regression analysis was used to examine socio-demographic factors associated with the levels of 
awareness, treatment and control of diabetes mellitus. 

Resu/ts:J\r\e awareness, treatment, and control rates of diabetes mellitus were 64.1%, 52.9% and 44.2%, respectively. In the 
multivariable logistic regression analysis, family history of diabetes was significantly positively associated with awareness 
(OR, 2.145; 95% CI, 1.600-2.875) and treatment (OR, 2.021; 95% CI, 1.559-2.619) of diabetes mellitus, while negatively 
associated with control (OR, 0.671; 95% CI, 0.529-0.951). Cigarette smokers and alcohol drinkers were less likely than non- 
smokers and non-drinkers to be aware of their blood glucose levels (OR, 0.895, 0.614; 95% CI, 0.659-1.216, 0.446-0.844, 
respectively). Participants who frequently exercise were more likely to be aware of their diabetic conditions than people 
who never or rarely exercise (OR, 2.003; 95% CI, 1.513-2.651). 

Condusions:We found that the awareness and treatment of diabetes mellitus were positively associated with age and were 
high in participants with a family history of diabetes and those who exercise frequently, but low for cigarette smokers and 
alcohol drinkers. Participants with a family history of diabetes had their diabetic condition poorly controlled. 
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Introduction 

With rapid economic development, population ageing and 
urbanization, DM has become an important medical problem in 
nearly all countries [1,2,3]. It is estimated that the number of 
people with DM is expected to rise to 552 million by 2030, with a 
69% increase from 2010 to 2030 for developing countries, 
compared to 20% for developed countries [4,5]. DM has become 
a heavy economic burden for every country. 

China's prevalence of DM has been ranked second in the world, 
and has the largest absolute disease burden that is due to 
increasing prevalence and low awareness, treatment and control of 
DM [1,6]. It is estimated that the age-standardized prevalence of 
total DM in China is 9.7% (10.6% among men and 8.8% among 



women) [7]. Early detection of high blood glucose levels and a 
comprehensive care of diabetes are effective for improving clinical 
outcomes and quality of life for DM. Therefore, China critically 
needs government-initiated primary prevention measures for DM, 
which focuses on the risk factors of the awareness, treatment and 
control. 

The awareness, treatment and control of DM can effectively 
reflect on the social status of diabetes conditions. Although several 
researchers have investigated the awareness, treatment and control 
rates of DM in China [8,9], little is known about their association 
with risk factors. 

Jilin province is located in northeast China and has a population 
of about 27 million people. Jilin Department of Health and Jilin 
University jointly investigated the prevalence of DM and risk 
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factors for awareness, treatment and control of DM in Jilin 
province in 2012. We used data from this investigation to examine 
the distribution of awareness, treatment, and control of DM 
among adult residents in northeast China, as well as how risk 
factors relate to the awareness, treatment and control of DM. 

Materials and Methods 

Study population 

We carried out a large-scale community-based cross-sectional 
health interview and examination survey on permanent residents 
aged 18 to 79 years old who had lived in Jilin province for more 
than six months. The survey respondents were asked to answer 
each question face-to-face with investigators who had been 
uniformly trained. 

Sampling method 

Five-stage stratified random cluster sampling was used to select 
the study sample. In the first stage, 32 districts/counties were 
identified in proportion to population, geographic location and 
ethnicity, form 9 cities (Changchun, Jilin, Siping, Liaoyuan, 
Tonghua, Baishan, Songyuan, Baicheng and Yanbian). At the 
second stage, three or four towns (depending on the size of the 
district) were selected by stratified random sampling to guarantee 
the representativeness of each sample. In the third stage, three 
neighborhood committees were chosen by stratified random 
sampling from each of the towns previously selected. In the fourth 
stage, one village from each chosen neighborhood committee was 
selected by simple random sampling. In the final stage, cluster 
random sampling was used to identify individuals aged 18 to 79 
years old from each of the villages selected for the study. 

Data collection and measurement 

A strict quality control system was implemented at each stage of 
the data collection to ensure uniformity and accuracy of the data. 
Before the formal investigation, a pre-investigation was conducted 
to explore the design of the questionnaire. In addition, systematic 
training for all investigators was organized to teach them on how 
to administer the screening questionnaire, and how to take 
anthropometric measurements. Before the interview, the identity 
of each participant was confirmed by the investigator. The validity 
of each answered questionnaire was examined by the interviewer 
after the participant had completed the questionnaire in order to 
ascertain whether the responses were consistent with the real 
situation. After the fieldwork, all data were processed by parallel 
double entry. Three verifications were carried out to check for 
incomplete or inconsistent responses, and then deleted the missing 
data that cannot be repaired. 

The data collection included an intensive investigation and 
household survey. The purpose of the investigation was explained 
to the participants before the interview, and then given the option 
to sign an informed consent form, and only those who consented 
to participate in the study proceeded to answering the questions 
and doing the further investigations. The study was approved by 
the Institutional Review Board of the School of Public Health, Jilin 
University, Jilin, China. The demographic information collected 
included gender, age, family income, level of education, occupa- 
tion, smoking, drinking, exercise, diagnosis and treatment of 
diabetes, and self-reported family history of diabetes. In addition, 
anthropometric measurements including height, weight, and 
fasting blood sugar were taken. 

During the interview, weight and height were determined 
though standardized protocol and measured in light indoor 
clothing without shoes. Body mass index (BMI) was calculated as 



weight in kilograms divided by height in meters squared (kg/m 2 ). 
Fasting plasma glucose (FPG) levels were measured using the 
Bayer Bai Ankang fingertip blood glucose monitor machine by 
taking a small drop of blood from a finger onto a strip of paper in 
the morning after participants fasted for 10 or more hours 
overnight. 

Definitions 

DM was defined as a FPG >7.0 mmol/L or self-reported use of 
anti-diabetic medications during the 2 weeks prior to the 
examination. Diagnosed diabetes was defined as those meeting 
the standards for DM [10] or participants reported he/she had 
previous diagnosis of diabetes by a medical doctor in a hospital 
above the county level. Individuals with diabetes were considered 
to be aware of diabetes if they reported having a previous diagnosis 
of diabetes by medical doctors. Individuals with diabetes were 
classified as being taking treatment for diabetes if they reported 
using anti-diabetic medications during the 2 weeks prior to the 
examination. Among treated diabetes, diabetes was considered to 
be controlled if FPG< 7.0 mmol/L. 

Education was divided into three (3) levels: junior school 
(including those who never attended school, those who attained 
elementary schooling only, and those who attained junior school); 
high school (including those who attained high school and a 3- 
year secondary vocational schooling); and tertiary level of 
education (including undergraduate and graduate levels of 
education). Manual labor occupation included production work- 
ers, farmers and service workers. Mental labor included office and 
other technical staffs. Other occupations included students, 
unemployed and retirees. Body Mass Index (BMI) was classified 
as: underweight, BMK18.5 kg/m 2 ; normal weight, 18.5£BMI< 
24 kg/m 2 ; overweight, 24<BMI<28 kg/m 2 ; and obese, BMI> 
28 kg/m 2 [11]. Smoker was defined as a person who smoked more 
than one cigarette per day in the past 30 days. Drinker was defined 
as a person who consumed an average of more than one alcoholic 
drink per week, whether spirits, beer, wine or other forms of 
alcohol. Participants who were classified as "sometimes exercise" 
were defined as persons who exercised one or two times a week; 
those who exercised more than three times a week were defined as 
"exercise frequently" ; while those don't or seldom exercise were 
defined as "never exercise" or "rarely exercise". 

Statistical analysis 

All statistical analyses were weighted to represent the total adult 
population of Jilin province. The sampling weights were obtained 
from the 2010 China population census data, and were calculated 
based on four factors: regional, urban/rural, gender, and age in 
Jilin province. Frequency distributions were used to describe the 
awareness, treatment, and control with the categories of partic- 
ipants' characteristics. The Rao-Scott Chi-square tests corrected 
for complex sampling design were used to compare the awareness, 
treatment and control of diabetes in the different groups. 
Multivariable logistic regressions were used to examine the 
socio-demographic factors associated with the levels of diabetes 
awareness, treatment and control, and the odds-ratio (OR) and 
95% confidence intervals (CI) were calculated. Sampling errors 
were estimated by using the primary sampling units and strata 
provided in the data set. The standard errors of these estimates 
were corrected for the clustering used in the five-stage stratified 
random clustering sampling procedure. Data were analyzed using 
the complex samples function of SPSS version 21.0 and P^O.05 
was considered to be statistically significant. 
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were 64.1%, 52.9% and 44.2% respectively. Women had a greater 
awareness (74.2% vs. 56.4%) and treatment (62.2% vs. 45.7%) of 
DM than men. The awareness, treatment and control rates 
increased with advancing age (P<0.05). Levels of educations were 
not significantly associated with control of DM (P>0.05). Manual 
laborers had greater awareness (58.9% vs. 54.8%) and treatment 
(47.6% vs. 41.2%) of DM compared to mental workers. People 
with a family history of diabetes (73.0% vs. 60.5%, P<0.001) were 
more likely to be aware of their diabetic conditions and to be 
treated with anti-diabetic medications than those without the 
family history (61.4% vs. 49.4%, P<0.001), but the percentage of 
control was significantly higher in those having no family history of 
diabetes compared to those having family history (47.6% vs. 
37.5%, P = 0.005). There were no statistically significant associ- 
ations between BMI and awareness, treatment or control of DM. 



Table 1. Demographic characteristics between different socio-demographic factors. 





Category 


Subcategory 


Frequency (n = 1854) 


Percentage (%) 


Estimated population 


Gender 


Female 


941 


43.4 


653 




Male 


91 3 


56.6 


850 


Age (years) 


18—34 


50 


7.5 


1 1 3 




35—44 


200 


1 5.0 


226 




45 — 54 


565 


28.7 


430 




55 — 64 


681 


29.9 


448 




65 — 79 


358 


1 8.9 


284 


Education 


<Junior school 


1 221 


62.6 


940 




High school 


452 


26.1 


392 




Undergraduate 


181 


1 1 .3 


1 70 


Income {Chinese Yuan) 


<500 


463 


21 .3 


321 




500— 


378 


1 9.5 


292 




1000- 


610 


34.0 


511 




2000- 


260 


16.1 


242 




3000- 


143 


9.1 


137 


Occupation 


Manual labor 


883 


46.1 


693 




Mental labor 


260 


16.3 


244 




Other 


711 


37.6 


565 


Family history 


No 


1330 


71.0 


1066 




Yes 


524 


29.0 


436 


Region 


Rural 


923 


44.4 


667 




Urban 


931 


55.6 


835 


BMI* 


Normal 


546 


29.1 


432 




Underweight 


28 


1.4 


21 




Overweight 


816 


44.8 


665 




Obesity 


446 


24.8 


368 


Smoker 


Never 


1082 


55.9 


840 




Now 


533 


30.7 


461 




Once 


239 


13.4 


202 


Drinker 


No 


1326 


68.4 


1028 




Yes 


528 


31.6 


475 


Exercise 


Never or rare 


635 


34.3 


515 




Sometimes 


332 


19.3 


290 




Frequently 


887 


46.4 


697 



*BMI, Body mass index. Percentage did not add up to 100% due to missing data. 
doi:1 0.1 371 /joumal.pone.01 03594.t001 



Results 

Of the 18260 participants, a total of 1854 (8.2% after weighted) 
were diagnosed with DM. The analyzed sample included 1,854 
participants, which consisted of 941 women and 913 men. As 
shown in Table 1, participants aged 55-64 years were the largest 
age group (29.9%), 63.6% only attained junior school education, 
26. 1 % had a high school education, and 34.0% had a family 
monthly income of 1000-2000 Yuan. Table 1 also shows that 
manual labor had a higher percentage than mental labor (46. 1 % 
vs. 16.3%); 29.0% had a family history of diabetes; and 30.7% 
were cigarette smokers at the time of the study; 31.6% were 
alcohol drinkers. 

Table 2 shows the awareness, treatment and control (among 
treated) rates of DM in relation to the various socio-demographic 
factors. The awareness, treatment and control percentages of DM 
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Table 3 shows the results of multivariate logistic regressions for 
the awareness, treatment and control rates of DM. These were 
performed to determine whether the statistically significant factors 
found in the univariate analysis were associated with awareness, 
treatment and control. 

After controlling for potential confounding factors of socio- 
demographic variables, the analyses showed that older individuals 
have greater probability of being aware of their diabetic conditions 
and seek medical treatment than younger individuals, and this is 
presented in Table 3. A family history of diabetes was significandy 
associated with awareness (OR, 2.145; 95% CI, 1.600-2.875) and 
treatment (OR, 2.021; 95% CI, 1.559-2.620) of DM, and 
participants with a family history of diabetes were less likely than 
those without to have their diabetes controlled (OR, 0.671; 95% 
CI, 0.529-0.951). Cigarette smokers and alcohol drinkers were less 
likely than non-smokers and non-drinkers to be aware of their 
blood glucose levels (OR, 0.895, 0.614; 95% CI, 0.659-1.216, 
0.446-0.844, respectively). Participants who exercise frequently 
were more likely than those who never or rarely exercise to be 
aware of their diabetes (OR, 2.003; 95% CI, 1.513-2.651) and 
take anti-diabetic medication (OR, 1.560; 95% CI, 1.209-2.014). 

Discussion 

In recent years, there have been efforts to perform epidemio- 
logical studies on diabetes, but little data covers the awareness, 
treatment, and control of DM in China. Knowing the factors 
associated with awareness, treatment and control of DM can be 
very useful in reducing the prevalence of this disease in China. To 
our knowledge, this is the first large representative population- 
based survey to provide insightful data on awareness, treatment, 
and control of DM and associated factors in Jilin province in 
northeast China. 

In our study, we found that the awareness and treatment of DM 
in Jilin province is higher than that reported in a prior study in 
China [6], but much lower than other countries [12,13]. Our 
univariate analyses showed the relationships of eleven potential 
confounding factors (gender, age, education, income level, 
occupation, family history of diabetes, region, BMI, cigarette 
smoking, alcohol drinking and exercise) with awareness, treatment 
and control of DM (Table 2). Multivariate logistic regression 
analyses showed the relationships between gender, age, education, 
income level, occupation, family history of diabetes, cigarette 
smoking, alcohol drinking and exercise with awareness, treatment 
and control of DM, as well as the relationships between age, 
income level, occupation, family history of diabetes, alcohol 
drinking and exercise with treatment of DM (Table 3). Prior work 
[1 3, 14] found that women were more likely than men to be aware 
of their risks of diabetes, and take their anti-diabetic medications, 
and those differences were also significant in this study. We also 
observed that the awareness and treatment of DM increased 
concomitantly with age, which is consistent with previous studies 
[15,16]. This may be partly due to the relatively long course of 
diabetes, as it gives older people more time to accumulate diabetes 
knowledge. Moreover, life is relatively more stable for older people 
after retirement, giving them more energy and time to focus on the 
disease awareness, prevention and control. Previous studies had 
shown that high family monthly income may be associated with 
high awareness and treatment rates of DM [17,18], but our study 
did not find these associations. The reason for this discrepancy 
needs further investigation. In addition, we found that participants 
with family history of diabetes were more likely than other 
members of the diabetes group to be aware of their blood glucose 
levels and take their anti-diabetic medications. However, cigarette 
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smokers and alcohol drinkers were more likely to be unaware of 
their risks of diabetes, and this is consistent with prior studies 
[14,19]. Our results suggest that cigarette smokers and alcohol 
drinkers should pay more attention to their blood glucose levels. 
The results of study also showed a pronounced relationship 
between frequent exercise and awareness and treatment of DM. 
Because we used a cross-sectional design in this our study, our 
ability to draw causal inference is limited. Therefore, we were 
unable to explain whether people who exercise more frequendy 
will be more concerned about their blood glucose level or those 
who are aware of the diabetes condition will take anti-diabetic 
medications and exercise more frequently. However, it is certain 
that exercise is a behavioral intervention that DM patients usually 
undertake to control their high blood glucose levels [20,21]. 

Although the univariate analyses of diabetes control showed that 
control among treated diabetes was associated with age, occupa- 
tion and family history of diabetes, the multivariate analyses model 
only observed the relationship between mental labor, family 
history and diabetes control. Our study did not show statistically 
significant gender differences related to controlling glycemia. This 
finding agrees with other studies [22,23,24]. Importandy, we 
found that a family history of diabetes was associated with poor 
glycemic control and high diabetes treatment, and this is consistent 
with a prior study [25]; therefore, there is a need for increased 
public concern and regular surveillance for those who have a 
family history of diabetes. 

In our study, the large sample size and precise physical 
measurements improved the validity of our results. Furthermore, 
the study contributed to meaningful insights concerning the 
current situation and associated risk factors of awareness, 
treatment and control of DM in northeast China. However, there 
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are some limitations of this present study that should be 
mentioned. First, the awareness of diabetes was based on self- 
reported diagnosed DM. Second, the cross-sectional design might 
limit the ability to draw causal inference between the risk factors 
and DM. Third, the results in our study were from Jilin province, 
which may limit our ability to generalize the results to the whole of 
northeast China. 

In summary, we observed that awareness and treatment rates of 
DM increased with age and higher in participants with a family 
history of diabetes and those who exercises frequently. The low 
control rate of diabetes among treated individuals was related to 
family history of the disease, which contributes to a high incidence 
of diabetes. Our results suggest that attempts to prevent diabetes 
should focus on the factors that lead to neglect of heath status; and 
effective preventive strategies should concentrate on young people 
and those who have a family history of diabetes, and include 
decreasing or cessation of alcohol consumption, smoking cessation 
or doing more exercise. 
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